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SMALL PIEZOELECTRIC OR ELECTROSTRICTTVE LINEAR MOTOR 
Technical Field 

The present invention- relates, in general, to small piezoelectric/electrostrictive 
ultrasonic linear motors which are installed in cell phones or PDAs, etc. to drive their camera 
lenses and, more particularly, to a small piezoelectric/electrostrictive ultrasonic linear motor in 
which a movable shaft 30 is coupled to a unimoiph or bimoiph, which is made by attaching a 
piezoelectric or electrostrictive substrate to an elastic body 20 (metal), so that a movable body 
40 fitted over the movable shaft 30 is linearly moved along the movable shaft 30 by vibration 
of the piezoelectric or electrostrictive substrate, thus simplifying a manufactaing process, and 
being easily practicable according to a basic principle, and having a superior characteristic. 

Background Art 

Small stepping motors, which may be installed in cell phones or PDAs, etc. to drive 
their camera lenses, must be provided with reduction gears and cams to convert high speed 
rotation into linear motion. Furthermore, in conventional small stepping motors, when 
15 rotated or reversely rotated, backlash occurs, thus resulting in error. Therefore, such small 
stepping motors have been limitedly used. In addition, the small stepping motor is 
problematic in that high electric current is required and excessive heat is generated. 

Generally, in methods of driving linear motors using piezoelectric or electrostrictive 
substrates, there are a driving method of using a traveling wave generated by a flexural wave, 
2 0 and a driving method which uses a standing wave and in which a linear motor is provided with 
both a longitudinal vibration actuator and a transverse vibration actuator so that a movable unit 
is operated by repeated vertical and horizontal vibration. Standing wave type linear motors 
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are provided with vibrators having different operating modes and use multiple vibrations 
generated by them. Such a standing wave type linear motor includes a 
piezoelectric/electrostrictive actuator which vibrates vertically and horizontally, and a contact 
part which transmits mechanical displacement to a movable body which is moving. 
5 Longitudinal vibration of a piezoelectric vibrator is transmitted to the contact part at which the 
movable unit is coupled to the piezoelectric vibrator. The movable body is operated by 
friction at a junction between it and the movable unit In the meantime, several other 
vibration transmitting methods have been proposed, but, because maintaining constant 
vibration amplitude is difficult due to wear resulting from repeated motion over a long period 
10 of time, it is very hard to put into practical use. 

First, before preferred embodiments of the present invention are explained in detail, a 
piezoelectric effect and vibration theory which are basic theories applied to the present 
invention will be described herein below for comprehension of the present invention. 

Piezoelectric effect means that an electric charge is generated in a crystalline body 
15 when the crystalline body receives pressure, or, conversely, when an electric field is applied to 
the crystalline body, the crystalline body is mechanically displaced. A piezoelectric substrate 
10 having such piezoelectric effect is characterized in that mechanical displacement is induced 
according to the polarization direction and the direction of the electric field 

FIG. 1 shows mechanical displacement of the piezoelectric substrate 10 according to 
20 the polarization direction and the direction of the electric field. 

FIG. 1(a) shows displacement of the piezoelectric substrate 10 when an electric field 
is applied to the piezoelectric substrate 10 polarized in a predetermined direction. When the 
polarization direction of the piezoelectric substrate 1 0 is the same as the direction of the electric 
field, the piezoelectric substrate 10 is expanded in a direction designated by the reference 
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character z and is constricted by Poisson's ratio in a direction designated by the reference 
character x. When the polarization direction of the piezoelectric substrate 10 is opposite to the 
direction of the electric field, the piezoelectric substrate 10 is constricted in a direction z and is 
expanded in a direction x. 

5 FIG. 1(b) illustrates displacement of the piezoelectric substrate 10 attached to an 

elastic body 20. hi this case, the piezoelectric substrate 1 0 is displaced in the same manner as 
that described for the case of FIG. 1(a), and bending displacement of the elastic body 20 
attached to the piezoelectric substrate 10 is induced by the expansion and constriction of the 
piezoelectric substrate 10. 

10 The dotted line of FIG. 1(b) denotes the shape of the elastic body 20 bent when the 

piezoelectric substrate 10 is expanded in a direction z. Such bending displacement of the 
elastic body 20 is achieved by the expansion of the piezoelectric substrate 10 while a fixed 
edge 25 of the elastic body 20 is held at a predeteamined position. 

FIG. 1(c) illustrates the elastic body 20 bent in a direction z by the expansion of the 

15 piezoelectric substrate 10 in a direction x. When the direction of the electric field is 
instantaneously changed, the displacement state of the piezoelectric substrate 10, which was in 
the state of FIG. 1(b), is quickly changed As a result, the elastic body 20 is quickly bent in a 
direction z by instantaneous acceleration and expansion of the piezoelectric substrate 10 in the 
direction x. 

2 0 Although the bending displacement of the piezoelectric substrate, when an electric 

field is applied, has been described, even if an electtostrictive substrate is used in place of the 
piezoelectric substrate, the same bending displacement as that of the case of the piezoelectric 
substrate is induced. The electrostriction means that an electrostrictive body is mechanically 
displaced when an electric field is applied to the electrostrictive body. Even if the 
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piezoelectric substrate of FIG. 1 is replaced with the electiostrictive substrate, the same beading 
displacement is induced. 

Therefore, in the present invention, a linear motor, which induces bending 
displacement using the piezoelectric or electrostrictive substrate and converts the bending 
5 displacement into linear displacement, will be described herein. 

Disclosure of Invention 
Technical Problem 

The piezoelectric or electrostrictive substrate 10 used in the present invention is made 
of a single-crystalline ceramic, a polycrystalline ceramic or polymeric material. In the case of 

10 the piezoelectric substrate, the piezoelectric substrate may be polarized in a thickness direction 
of the substrate. The elastic body 20 is made of an elastic member having a predetermined 
thickness. In the present invention, phosphor bronze is used as the material constituting the 
elastic body 20. In the case that the movable shaft is coupled to the elastic body 20, a 
coupling hole into which the movable shaft is inserted may be formed at the center on the 

15 elastic body 20. 

As described above with reference to FIG. 1, when an electric field is applied to both 
the elastic body 20 and the piezoelectric or electrostrictive substrate 10 which are attached to 
each other, bending vibration of both the elastic body 20 and the piezoelectric or electrostrictive 
substrate 10 is transmitted to the movable shaft As a result, a movable body 40 linearly 

2 0 moves. Here, the principle of moving the movable body 40 is based on the law of inertia 

Hereinafter, preferred embodiments of the present invention which can be easily 
embodied by those skilled in the art will be explained in detail with reference to the attached 
drawings. 
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FIG. 2 illustrates the driving mechanism of a movable body 40 fitted over a movable 
shaft 30. FIG. 3 shows an input pulse applied to the piezoelectric or electrostrictive substrate 
10. As shown in the drawings, in the present invention, a repeated saw-tooth pulse is used as 
a drive pulse. 

5 Although not shown in FIG. 2, it is assumed that both the piezoelectric or 

electrostrictive substrate 10 and the elastic body 20 are coupled to a left end of the movable 
shaft 30 of FIG. 2 in the same manner as that shown in FIG. 1. The movement of the 
movable body 40 with respect to the movement of the movable shaft 30, when the saw-tooth 
pulse wave as shown in FIG. 3 is input as the drive pulse wave, will be explained herein below. 
1 0 FIG. 2(a) and the point a of FIG. 3 : a start step. The movable body 40 is placed on 

the movable shaft 30 at a position spaced apart from an end of the movable shaft 30 by a 
distance Sa. 

FIG. 2(b) and the section between the point a and the point b of FIG. 3 : in 1 step of 
FIG. 3 which is an inclined part of the saw-tooth pulse wave that represents an increase in 

15 voltage, that is, in the section in which the pulse wave from the point a to the point b is input, 
the movable body 40 linearly moves along with the movable shaft 30 in the direction of the x- 
axis by a distance A (S aF=Sb). 

FIG. 2(c) and the section between the point b and the point c of FIG. 3 : the voltage 
of the saw-tooth pulse wave of FIG. 3 varies from the point b to the point c so that the voltage 

20 becomes zero. This means that the voltage applied to the piezoelectric or electrostrictive 
substrate becomes zero. At this time, as shown in FIG. 2(c), the movable shaft 30 
instantaneously moves to the left by a distance 2A due to a restoring force of the elastic body. 
Because the movable shaft 30 instantaneously moves to the left, the movable body 40 having a 
predetermined weight stays at the position of the distance Sc according to the law of inertia. 
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In other words, only the movable shaft 30 moves to the left (SoSb). 

FIG. 2(d) and the section between the point c and the point d of FIG. 3 : the movable 
shaft 30 moves along with the movable body 40 in the direction of the x-axis by a distance 2 A 
(Sc=Sd). 

5 FIG. 2(e) and the section between the point d and the point e : the movable shaft 30 

and the movable body 40 move in the same manner as that described for the section between 
the point b and the point c. 

FIG. 2(f) and the section between the point e and the point f : the movable shaft 30 
and the movable body 40 move in the same manner as that described for the section between 
10 the point c and the point & 

As such, the movable body is moved by the drive of the saw-tooth pulse wave input 
into the piezoelectric or electrostrictive substrate, and by the elasticity of the elastic body, as 
well as according to the law of inertia. Such displacement is continuously and repeatedly 
induced by repeating the process in which the repeated bending motion of the piezoelectric or 
15 electrostrictive substrate 10 forming a unimoiph or bimorph structure, that is, a single substrate 
or double substrate structure, is transmitted to the movable shaft 30. The movable body 40 
moves from the left end to the right end of the movable shaft 30 using this principle. 

In the same principle, when the direction of the saw-tooth pulse of FIG. 3 is changed 
and displacement induced by the changed pulse is transmitted to the movable shaft 30, the 
2 0 direction of the motion of the movable body 40 changes. Thus, the movable body 40 can 
move from the right aid to the left end of the movable shaft 30. As such, the motor of the 
present invention is based on the law of inertia 

Technical Solution 
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Accordingly, the present invention has been made keeping in mind the above 
problems occurring in the prior art, and an object of the present invention is to provide a small 
piezoelectric/electrostrictive ultrasonic linear motor which is installed in a cell phone or PDA, 
etc. to drive its camera lens, and which is reversibly and linearly moved by ultrasonic pulse 
5 voltage applied thereto, and which has a structure capable of precisely controlling the position 
by varying the period of the applied voltage, and which has a simple structure, thus simplifying 
its manufacturing process. 

Advantageous Effects 

In the present invention, a small piezoelectric/electrostrictive ultrasonic linear motor 
10 having the above-mentioned construction uses bending movement of a unimoiph or bimorph 
including both an elastic body 20 and a piezoelectric or electrostrictive substrate 10 as its driving 
source, so that a movable body 40 moves along a movable shaft 30. Thus, the present invention 
provides a small piezoelectric/electrostrictive ultrasonic linear motor which is able to simplify its 
manufacturing process, and easily practicable according to a basic principle, and has superior 
15 characteristics. Furthermore, the small piezoelectric/electrostrictive ultrasonic linear motor is 
advantageous in that its thrust is superior for its size, operation is speedy, and the drive is stable. 

Brief Description of the Drawings 

FIG. 1 illustrates a principle of bending movement of both a piezoelectric or 
electrostrictive substrate 10 and an elastic body 20 used in the present invention; 
2 0 FIG. 2 illustrates a principle of a small piezoelectric/electrostrictive ultrasonic linear 

motor according to the present invention; 

FIG. 3 shows a saw-tooth pulse wave for driving the small 
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piezoelectric/electrostrictive ultrasonic linear motor according to the present invention; 

FIG. 4 shows a small piezoelectric/electrostrictive ultrasonic linear motor, according 
to a first embodiment of the present invention; 

FIG. 5 shows a small piezoelectric/electrostrictive ultrasonic linear motor, according 
to a second embodiment of the present invention; 

FIG. 6 is front and side views showing a small piezoelectric/electrostrictive ultrasonic 
linear motor, according to a third embodiment of the present invention; 

FIG. 7 shows a movable body 40 of the small piezoelectric/electrostrictive ultrasonic 
linear motor according to the present invention; and 

FIG. 8 illustrates a principle of movement of the movable body 40 and a stator of the 
small piezoelectric/electrostrictive ultrasonic linear motor according to the present invention. 

Best Mode for Canying Out the Invention 

In order to accomplish the above object, the present invention provides a 
fundamental construction which includes a piezoelectric or electrostrictive substrate 10, a 
movable body 40, a movable shaft 30 and an elastic body 20. Furthermore, in the present 
invention, various type small piezoelectric/electrostrictive ultrasonic linear motors including 
linear motors having three kinds of structures, which will be explained in preferred 
embodiments, are proposed, based on the above-mentioned fundamental construction. 

FIGS. 4, 5 and 6 show three kinds of small piezoelectric/electrostrictive ultrasonic 
linear motors having the above-mentioned fundamental construction. 

FIG. 4 shows a first embodiment of the present invention which includes a 
piezoelectric or electrostrictive substrate 10, an elastic body 20 and a movable body 40. The 
assembly of the piezoelectric or electrostrictive substrate 10 and the elastic body 20 forms a 
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unimorph having a disk shape. The elastic body 20 is not limited to a specific material, so 
long as the material has a predetermined thickness and is able to efficiently transmit vibration 
from the piezoelectric or electrostrictive substrate 10 thereto. In the embodiments of the 
present invention, the elastic body 20 is made of phosphor bronze. In the case that the 
5 movable shaft 30 is directly attached to the elastic body, a protrusion 30 may be provided to 
support the movable shaft. Id the case of the unimorph having a single piezoelectric or 
electrostrictive substrate 10, as shown in FIG. 4, the piezoelectric or electrostrictive substrate 
and the movable shaft may be provided on opposite sides of the elastic body. Alternatively, 
both the piezoelectric or electrostrictive substrate and the movable shaft may be provided on 

10 the same side of the elastic body. Furthermore, when the movable shaft is mounted to the 
center of the assembly of the piezoelectric or electrostrictive substrate and the elastic body, 
maximum displacement is induced. Therefore, this case is most effective. 

As shown in FIG. 4, the movable shaft may be attached to a surface opposite another 
surface of the elastic body to which the piezoelectric or electrostrictive substrate is attached. 

1 5 Alternatively, as shown in FIG. 5, the movable shaft may be attached to the same surface of the 
elastic body to which the piezoelectric or electrostrictive substrate is attached. In this case, the 
piezoelectric or electrostrictive substrate is attached to a region of the surface of the elastic body 
other than a region of the surface of the elastic body to which the movable shaft is attached 

The piezoelectric or electrostrictive substrate 10 is polarized in a thickness direction. 

20 Furthermore, the piezoelectric or electrostrictive substrate 10 having the disk shape vibrates 
according to an input saw-tooth pulse wave in a direction from the outer diameter to the inner 
diameter or in a direction from the inner diameter to the outer diameter, thereby executing a 
unimorph bending movement 

In the first embodiment of FIG. 4, the piezoelectric or electrostrictive substrate 10 is 



WO 2005/083874 



PCT/KR2005/000353 



attached to a surface of the elastic body 20. A coupling hole is formed at the center on an 
opposite surface of the elastic body 20 so that the movable shaft 30 is fitted into the coupling 
hole of the elastic body 20. The elastic body has an outer diameter larger than that of the 
piezoelectric or electrostrictive substrate 1 0 such that the elastic body is supported by a support 
5 surface. In other words, a fixed edge 25 is provided around the circumference of the elastic 
body 20 to fasten the linear motor to the support surface. The fixed edge serves to prevent the 
linear motor from undesirably moving due to the vibration of the piezoelectric or 
electrostrictive substrate 10. 

The movable shaft 30 must be several times lighter than a bimorph which is a double 
10 structure of the elastic body 20 coupled to the piezoelectric or electrostrictive substrate 10. 
The movable shaft 30 has a structure capable of efficiently transmitting vibration generated by 
the piezoelectric or electrostrictive substrate. Furthermore, the movable shaft is manufactured 
such that the movable body fitted over the movable shaft can move along the movable shaft. 
In the present invention, a hollow shaft is used as the movable shaft. Electrodes, which are 
15 provided on both surfaces of the piezoelectric or electrostrictive substrate 10, are connected to a 
saw-tooth pulse voltage source (U), so that a drive pulse is input through the electrodes. 

FIG. 5 shows a second embodiment of the present invention. A linear motor 
according to the second embodiment is a bimorph having two piezoelectric or electrostrictive 
substrates. Such structure is able to operate using reduced voltage, thus extending the lifetime 
20 of the linear motor. The piezoelectric or electrostrictive substrates can be polarized in a 
thickness direction. Here, the polarization direction of the pair of piezoelectric or 
electrostrictive substrates is appropriately adjusted such that generated vibration is able to reach 
the maximum value. Furthermore, an earth terminal is connected to the elastic body 20, so 
that, when a saw-tooth pulse is applied to upper and lower electrodes of the piezoelectric or 
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electrostrictive substrates 10, the linear motor is actuated la even the second embodiment, 
the piezoelectric or electrostrictive substrate, which is placed at the same side as a movable 
shaft 30, may be attached to a region of the surface of the elastic body other than a region of the 
surface of the elastic body to which the movable shaft 30 is attached. Alternatively, the 
5 movable shaft 30 may be attached to an outer surface of the piezoelectric or electrostrictive 
substrate, not the elastic body. 

FIG. 6 shows a third embodiment of the present invention. In a linear motor 
according to the third embodiment, each of an elastic body and a piezoelectric or 
electrostrictive substrate has a rectangular plate shape, not a disk shape. This linear motor can 
10 be used in a place the length of one side of which is limited In this embodiment, the linear 
motor is operated by the bending movement of a unimorph, which consists of the elastic body 
20 and the piezoelectric or electrostrictive substrate 10 and has a rectangular plate shape and a 
size of axb. The third embodiment may be also manufactured as the bimorph type shown in 
FIG. 5. In this case, the bimorph has the same shape as that described for FIG. 6. 
15 As such, the shape ofboth the piezoelectric or electrostrictive substrate and the elastic 

body may be changed such that the shape of the piezoelectric/ electrostrictive ultrasonic linear 
motor is suitable for a device. Furthermore, they may be changed in various shapes as well as 
the circular or rectangular shape. 

FIG. 7 shows an example of a movable body 40 fitted over a movable shaft 30. 
2 0 When an input pulse is applied to the piezoelectric or electrostrictive substrate, the piezoelectric 
or electrostrictive substrate vibrates along with the elastic body. This vibration is transmitted 
to the movable shaft Then, the movable body 40 moves along the movable shaft. As such, 
the vibration of the piezoelectric or electrostrictive substrate is converted into the linear motion 
of the movable body 40. 
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The structure of the movable body 40 of FIG. 7 is merely one example of the 
movable body of the present invention. Therefore, the movable body 40 is not limited to a 
specific structure, so long as predetermined fiiction between the movable shaft 30 and the 
movable body 40 is maintained and the movable body 40 has a predetermined weight 
5 according to the law of inertia. 

The movable body is a metal body or substance having a predetermined weight In 
addition, the movable body is in close contact with the movable shaft and is manufactured such 
that constant fiiction is maintained at a junction between the movable shaft and the movable 
body. Furthermore, the movable body has a singe body. 

1 0 The movable body is in close contact with the outer surface of the movable shaft to 

cover at least part of the movable shaft, thus maintaining constant fiiction. Preferably, the 
movable body has a structure capable of being fitted over the movable shaft. Furthermore, 
the movable body must be manufactured such that it is applicable to the law of inertia using the 
factional force and the predetennined weight 

15 To achieve the above-mentioned purpose, as shown in FIG. 7, the movable body 40 

of the present invention includes a fiiction member 42 which is in close contact with the outer 
surface of the movable shaft, thus providing the constant fiiction. The movable body 40 
further includes a weight 44 which is provided around an outer surface ofthe fiiction member 
42 and covers at least part of the fiiction member 42. The weight 44 is made of metal of a 

20 predetermined weight The movable body 40 further includes an elastic shell 46 which is 
fitted over an outer surface of the weight 44 to reliably couple the weight 44 to the fiiction 
member 42. 

Referring to FIG. 7, the movable body may consist of two subcylindrical bodies, 
each of which has a fiiction member being in contact with the movable shaft and a metal body 
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that has a predetennined weight and is provided around an outer surface of the faction 
member. The subcyiindrical bodies are held around the movable shaft by the elasticity of the 
elastic spring. 

When the movable body 40 is held around the movable shaft 30 by an optimum 
5 force, superior performance of the linear motor is achieved For this, the elastic spring 46 
having a predetennined elasticity is fitted over the movable body, thus providing the optimum 
holding force by which the movable body 40 is held around the movable shaft 30. 

In the present invention, a nonmetallic member having a braking function is used as 
the friction member. The weight is made of dense metal 
1 0 FIG. 8 shows the movement of the movable body 40 fitted over the movable shaft 30 

of the linear motor and the unimorph or bimorph. In this drawing, the movement of both the 
movable shaft 30 and the movable body 40, which depends on the movable shaft 30, by the 
bending movement of the unimorph or bimorph is illustrated It is understood that the movable 
body 40 is moved by the displacement of the unimorph or bimoiph 
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